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FILTER COMPRISING PRINTED CIRCUIT
BOARD AND BUSBARS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of German Patent
Application No. 20 2016 104 468.5, filed Aug. 12, 2016 and

German Patent Application No. 10 2017 108 383.9, filed
Apr. 20, 2017. The entire disclosures of which are hereby
incorporated by reference.

TECHNICAL FIELD

The 1mvention relates to a filter for electromagnetic noise
comprising a printed circuit board and busbars.

PRIOR ART

Electronic systems 1n vehicles, e.g. in motor vehicles, are
becoming ever more complex. The electrical parts are
becoming ever more sensitive to electromagnetic noise and
are also causing ever more radio interference. Therelore,
filters for suppressing electromagnetic noise, e.g. EMI or
EMC filters, are being employed more and more often 1n
clectrical systems of vehicles. Particularly in the case of
clectrically driven vehicles, this problem 1s particularly
relevant on account of the high currents and the high
switching speeds of current transformers.

Said filters are generally formed from a combination of
one or more conductor rails, one or more inductances and
one or more capacitors. In this case, 1n existing solutions, the
inductances and capacitors are connected to the conductor
rails either directly or via cables. In order to obtain an
insulation between the electrical components, either suili-
ciently large distances or insulations, e.g. by potting the
clectronic components, are provided. However, the existing
solutions have the problem that they do not satisty the
combination of requirements in vehicle construction regard-
ing vibrations, simple production in high numbers, high
production quality, small space requirement, low weight and
flexibility for different power applications.

SUMMARY OF THE INVENTION

It 1s an object of the mvention to find an 1improved filter
that better complies with the combination of the require-
ments described.

According to the invention, this object 1s achieved by

means of a filter as claimed 1n claim 1.

The arrangement of two busbars on opposite sides of a
printed circuit board 1n order to realize a filter has a whole
series ol advantages. The busbars remain 1nsulated from one
another by the printed circuit board and can be arranged very
close together independently of the power or current inten-
sity and/or dielectric strength for which the filter 1s designed.
Additional weight owing to potting insulations 1s also obvi-
ated. In addition, complex cabling of electrical components
or the mounting thereof directly on the busbars 1s obviated,
since the electrical components now can be arranged on the
printed circuit board simply and 1n a mechanically auto-
mated manner and can be connected to the busbars via
conductor tracks. Moreover, the mounting of the electrical
components, in particular of the busbars, of the capacitors
and of the magnetic elements on conductor tracks allows
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very robust mounting which ensures a good, reliable con-
nection with long-term stability even under severe vibra-

tions.

Further embodiments are specified in the dependent
claims.

In one embodiment, the filter comprises at least one
magnetic element and at least one capacitor, wherein the
busbars are separated from the printed circuit board at least
in the region of the magnetic element. As a result, the
magnetic elements around the busbars for realizing current-
compensated inductors or current transformers can be made
smaller and lighter. The capacitors as electrical components
can be installed on the printed circuit board 1n a simple
mannet.

In one embodiment, the at least one magnetic element 1s
ring-shaped in each case, and each at least one ring-shaped
magnetic element 1s plugged by a ring opening of the
magnetic element onto a projection of the printed circuit
board. This type of mounting 1s simple, rapid and robust.

In one embodiment, the busbars are mechanically secured
on the printed circuit board by securing means, wherein the
securing means simultaneously ensure an electrical connec-
tion between the respective busbar and a corresponding
conductor track of the printed circuit board. This has the
advantage that complex and susceptible soldering connec-
tions are obviated.

In one embodiment, the first busbar and the second busbar
bear with a contact area directly on the printed circuit board.
This allows a particularly robust mechanical and electrical
connection between busbars and the printed circuit board.

In one embodiment, the printed circuit board has a first
conductor track area on the first side in the region of the
contact area with the first busbar, wherein the first conductor
track area produces an electrical contact between the first
busbar and the first conductor track area. Furthermore, the
printed circuit board has a second conductor track area on
the second side in the region of the contact area with the
second busbar, wherein the second conductor track area
produces an electrical contact between the second busbar
and the second conductor track area. This allows a particu-
larly good electrical connection between the busbars and the
printed circuit board. In addition, the busbar on the printed
circuit board behaves like a conductor track.

In one embodiment, the filter comprises a metallic hous-
ing, wherein the housing has at least one ground potential
areca, wherein the printed circuit board has at least one
ground conductor track area, wherein each of the at least one
ground potential area of the housing 1s pressed onto a
corresponding ground conductor track area by securing
means and a ground connection from the printed circuit
board to the housing i1s thus produced. This has the advan-
tage that no additional cables between the filter housing and
the printed circuit board are necessary.

BRIEF DESCRIPTION OF THE FIGURES

The 1invention 1s explained in greater detail with reference
to the accompanying figures, 1n which

FIG. 1 shows a circuit of a first exemplary embodiment of
a filter.

FIG. 2 shows a three-dimensional view of the first exem-
plary embodiment of the filter.

FIG. 3 shows a view from above of the first exemplary
embodiment of the filter.

FIG. 4 shows a sectional view through the busbars and the
printed circuit board 1n the region of a magnetic element of
the first exemplary embodiment.
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FIG. 5 shows a view of a first side of a printed circuit
board of the first exemplary embodiment of a filter.

FIG. 6 shows a view of a second side of a printed circuit
board of the first exemplary embodiment of a filter.

FI1G. 7 shows a first exploded view of the first exemplary
embodiment of the filter with the printed circuit board, the
busbars and the magnetic elements.

FIG. 8 shows a first exploded view of the first exemplary
embodiment of the filter with the filter and 1ts housing.

FIG. 9 shows a circuit of a second exemplary embodiment
of a filter.

FIG. 10 shows a three-dimensional view of the second
exemplary embodiment of the filter.

FIG. 11 shows a three-dimensional view of the second
exemplary embodiment of the filter before the assembly of
PCB, busbars and magnetic element.

FIG. 12 shows a first side view of the second exemplary
embodiment of the filter.

WAYS OF EMBODYING THE INVENTION

FIGS. 1 to 8 show a first exemplary embodiment of a filter
according to the invention. The filter comprises a printed
circuit board 5 having electrical components. FElectrical
components of the filter comprise a first busbar 1, a second
busbar 2, at least one capacitor and at least one magnetic
clement.

The printed circuit board 5 1s a board composed of an
clectrically insulating material with conductor tracks for
connecting the electrical components of the filter. The
printed circuit board 5 has a first side and a second side
opposite the first side. In one embodiment, the printed circuit
board 5 has at least one lateral side, which 1s or are arranged
at right angles to the normal to the printed circuit board
plane (plane of the first and second sides). In one embodi-
ment, the printed circuit board 5 has four lateral sides. In one
embodiment, the printed circuit board 5 has one or more
cutouts and/or projections 5.1 on the at least one lateral side
in order to plug the at least one magnetic element onto the
printed circuit board 5 and hold said at least one magnetic
clement there.

The at least one magnetic element 1s arranged 1n each case
in a ring-shaped fashion around the first and second busbars
1 and 2 and, 1n the first embodiment, together with the first
and second busbars 1, 2 forms a current-compensated induc-
tor. In this case, in a ring-shaped fashion means that the
magnetic element forms a complete or at least a large part of
a closed curve around the first and second busbars 1 and 2,
such that the magnetic element forms a current-compensated
inductor with the two busbars 1 and 2 and the two busbars
1 and 2 are led through the ring opening shaped by the
magnetic element. The closed curve preferably forms a
circle (torus), but 1n other examples may also be shaped as
rectangular, square, n-gonal (polygonal) or in some other
way. In the case of a torus (bagel-shaped), the cross section
of the circumierential torus bulge 1s preferably rectangular.
This facilitates the securing of the ring-shaped magnetic
clement on a projection 5.1 of the printed circuit board 5. In
this case, the magnetic element preferably forms a closed
ring. However, the magnetic element can also form a non-
closed ring or a ring composed of a plurality of partial
sectors (e.g. two hali-toroids).

In the first exemplary embodiment, the at least one
magnetic element comprises two magnetic elements 4.1 and
4.2. Preferably, the latter are formed identically and/or
secured on the printed circuit board 5 1n an i1dentical way.
Preferably, these two magnetic elements 4.1 and 4.2 are
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arranged on opposite lateral sides of the printed circuit board
5. The two busbars 1 and 2 preferably extend, in principle,
along a longitudinal axis through both ring openings of the
two magnetic elements 4.1 and 4.2.

The at least one capacitor 1s electrically connected to the
first and second busbars 1 and 2 via the conductor tracks of
the printed circuit board 3. Each of the at least one capacitor
1s electrically connected by one of the known securing
methods on the printed circuit board 5. In one embodiment,
the through-hole technology (THT) customary in power
clectronics 1s used, although surface-based mounting tech-
niques such as SMD or other mounting techniques are also
possible.

In the first exemplary embodiment, the at least one
capacitor comprises a current capacitor 3.1 (also called X
capacitor) connected between the first busbar 1 and the
second busbar 2, as 1s shown for example 1n the circuit 1n
FIG. 1. In the exemplary embodiment with two magnetic
clements 4.1 and 4.2, the current capacitor 3.1 1s contacted
with the first and second busbars 1 and 2 between the two
magnetic elements 4.1 and 4.2. Alternatively or additionally,
the at least one capacitor comprises a first ground capacitor
3.21 which 1s connected between the first busbar 1 and
ground 7, and/or a second ground capacitor 3.22 which 1is
connected between the second busbar 2 and ground 7, as
shown for example 1n the circuit in FIG. 1. In the exemplary
embodiment with two magnetic elements 4.1 and 4.2, the
ground capacitors 3.21 and 3.22 are preferably contacted
with the first and second busbars 1 and 2 between the two
magnetic elements 4.1 and 4.2. Each functional capacitor,
such as, for example, the current capacitor 3.1 and the
ground capacitors 3.21 and 3.22, can 1itself consist of a
plurality of connected individual capacitor units which are in
cach case mdividually connected to the printed circuit board
5. In general, the capacitor units of a functional capacitor are
interconnected in parallel with one another by means of the
conductor tracks of the printed circuit board 5. However, a
series concatenation of the capacitor units 1s also concerv-
able for very high currents. In the exemplary embodiment 1n
FIGS. 2 and 3, the ground capacitors 3.21 and 3.22 and the
current capacitor consist for example in each case of two
capacitor units connected in parallel.

FIG. 1 shows a first exemplary embodiment of a filter,
although many other filter circuits composed of at least one
capacitor and at least one magnetic element are possible. In
one embodiment, the filter 1s a passive filter. In one embodi-
ment, the filter 1s an EMI or EMC filter. In one embodiment,
the filter 1s designed for a power range of greater than 500
W and/or a current range of greater than 50 A.

The first busbar 1 and the second busbar 2 are composed
of an electrically conductive, preferably metallic, matenal.
The busbars 1 and 2 are rigid (in contrast to flexible cables
and wires). In this case, the first busbar 1 1s secured on the
first side of the printed circuit board 5 and the second busbar
2 1s secured on the second side of the printed circuit board
5, such that the first and second busbars 1 and 2 are
clectrically insulated from one another by the insulating
printed circuit board 3 and there 1s no risk of a short circuit.
The busbars 1 and 2 are designed for conducting the system
current. This 1s preferably a DC current. Preferably, the
cross-sectional area of each current conductor 1 and 2 1s at
least ten square millimeters, preferably at least 20 square
millimeters.

The first busbar 1 and the second busbar 2 1n each case
have a first end and a second end, wherein each end has a
connection terminal 1.1, 2.1. In one embodiment, the cross
section of the busbars at right angles to the current direction
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1s rectangular. This 1s one possibility for achieving a tlat
bearing area for the respective busbar 1 and 2 on the flat
printed circuit board 5. In one embodiment, the ends of the
busbars 1 and 2 with the connection terminals 1.1 and 2.1,
project beyond the lateral sides of the printed circuit board
5, such that the filter can be connected 1n a simple manner
to cables or plugs or other connections of an electrical
network of a vehicle. In one embodiment, the filter further-
more comprises a housing (not illustrated in the figures),
which encloses (preferably all) electronic components of the
filter, wherein the four ends of the two busbars 1 and 2 with
the four connection terminals 1.1 and 2.1 project from the
housing.

In one embodiment, the busbars 1 and 2 are secured on the
printed circuit board 5 in each case by securing means 6,
such as screws, threaded pins, clips, rivets, printed circuit
board mnserts (PCB 1nserts), soldering areas or other securing
means.

In one embodiment, the secured first busbar 1 bears
directly on the first side of the printed circuit board 5. This
has the advantage that the first busbar 1 bears with a large
area on the printed circuit board 5 and thus allows a stable
connection even under severe vibrations. In one embodi-
ment, the first busbar 1 1s not arranged 1n a recessed manner
on the first side of the printed circuit board 5. In one
embodiment, the cross section of the first busbar 1 at right
angles to the current flow direction or to the longitudinal axis
of the first busbar 1 1s such that 1t forms a planar contact area
with the first side of the printed circuit board 5. In one
embodiment, the cross section of the first busbar 1 at right
angles to the current tlow direction or to the longitudinal axis
of the first busbar 1 1s at right angles, with one of the four
sides forming the contact area. Upon securing on the printed
circuit board 5, said contact area of the first busbar 1 1s 1n
physical contact with the printed circuit board 3, 1.¢. touches
the printed circuit board 5. In one embodiment, said contact
area between the first busbar 1 and the printed circuit board
5, 1n the current flow direction, extends over at least 30%,
preferably at least 40%, preferably at least 50%, preferably
at least 60%, preferably at least 70%, preferably at least
80%, of the length of the printed circuit board 5 and/or of the
length of the first busbar 1 projected onto the printed circuit
board 5. The secured second busbar 2 also bears directly on
the second side of the printed circuit board 5, and the
previous descriptions concerning the bearing of the first
busbar 1 on the first side of the printed circuit board 5 are
likewise applied to the bearing of the second busbar 2 on the
second side of the printed circuit board 5.

In one embodiment, the first side of the printed circuit
board 5 has a first conductor track area 10.1 in the region of
the contact area with the first busbar 1. As a result, 1t 1s
possible to produce a large-area electrical contact between
the first busbar 1 and the printed circuit board 5. Pretferably,
said first conductor track area 10.1 1s formed parallel to the
printed circuit board plane. Preferably, the first conductor
track area 10.1 covers at least 10%, preferably at least 20%,
at least 30%, preferably at least 40%, preferably at least
50%, preferably at least 60%, preferably at least 70%,
preferably at least 80%, preferably at least 90%, of the
contact areca of the first busbar 1 with the printed circuit
board 5. As a result, the first busbar 1 on the printed circuit
board 5 behaves like a conductor track. FIGS. 6 and 7 show
the first side of the printed circuit board 5 and the conductor
track area 10.1 below the first busbar 1. The electrical
contact and/or the mechanical securing can be produced by
a soldering connection. Alternatively or additionally, the
clectrical contact can also be produced by a pressure from

5

10

15

20

25

30

35

40

45

50

55

60

65

6

the first busbar 1 on the first side of the printed circuit board
5, said pressure being caused by the securing means 6.
Preferably, the securing means 6 are arranged 1n the printed
circuit board 5 in the region of the contact area with the first
busbar 1 or 1n the region of the first conductor track area
10.1, such that the securing means 6 press the first busbar 1
onto the first conductor track area 10.1. The first conductor
track area 10.1 can also be composed of a plurality of first
conductor track areas separated from one another, e.g. 11 the
first busbar 1 has diflerent connecting points (or contact
areas), €.g. upstream and downstream of the magnetic ele-
ment. For the same reason, the second side of the printed
circuit board 3 has a second conductor track area 10.2 1n the
region of the contact area with the second busbar 2 (see FIG.
5). The second conductor track area 10.2, with respect to the
second busbar 2 and the second side of the printed circuit
board 5, has features corresponding to those of the first
conductor track area 10.1 with respect to the first busbar 1
and the first side of the printed circuit board 5.

Alternatively or additionally, the securing means 6 ¢lec-
trically contact the busbars 1 and 2 with corresponding
conductor tracks of the printed circuit board 5. This can be
achieved, for example, by embodying the cutouts or threads
of the printed circuit board 3 for the securing means 6 with
an electrically conductive, e.g. metallic, surface that 1is
connected to the corresponding conductor track. A suili-
ciently large and stable contact area between the conductor
track and the corresponding busbar 1, 2 1s produced as a
result. However, other contact means such as e.g. contact
areas parallel to the printed circuit board plane and/or else
soldering contacts are also possible.

In one exemplary embodiment, the busbars 1 and 2 are
formed 1n a meandering fashion 1 each case 1n opposite
directions, such that the busbars 1 and 2 are at different
distances from one another in different regions. In one
embodiment, the distance between the first busbar 1 and the
second busbar 2 1s smaller 1n the region of the at least one
magnetic element compared with the region of the securing
means 6, particularly 11 the securing means 6 extend through
the printed circuit board 5 onto the other side and there 1s the
risk of a flashover or short circuit between the securing
means 6, electrically connected to one busbar 1 or 2, and the
other bushar 2 or 1. In one embodiment, the distance
between the first busbar 1 and the second busbar 2 1s smaller
in the region of the at least one magnetic element compared
with the region of the ends of the busbars 1 and 2 that project
beyond the printed circuit board 5. This 1s advantageous in
particular since, 1n this region, the busbars 1 and 2 are no
longer insulated from one another by the printed circuit
board 5 and a larger safety distance 1s thus required. In one
embodiment, the busbars 1 and 2 are identical; 11 they are
shaped 1n a meandering fashion 1n opposite directions, they
can simply be arranged on the printed circuit board 3 1n a
manner rotated by 180° 1n order to achieve the characteristic
in opposite directions.

FIG. 4 shows a section through a part of the printed circuit
board 5, of the first busbar 1 and of the second busbar 2 1n
the region of the magnetic element (1n the ring opening
thereol). Preferably, the first and second busbars 1 and 2 are
arranged on the printed circuit board 5 such that the pro-
jections of the busbars 1 and 2 onto the printed circuit board
5 at least partly overlap. As a result, the rning opening can be
made smaller and the magnetic element can be made smaller
and thus lighter.

FIG. 8 shows a housing 9 of the filter. Preferably, the
printed circuit board 3 has at least one ground conductor
track area 7. In FIG. 8, four ground conductor track areas 7
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are arranged 1n the four corners of the printed circuit board
5. Said ground conductor track areas 7 can be arranged on
the first side and/or on the second side of the printed circuit
board 5. The at least one ground conductor track area 7
defines the ground potential of the filter on the printed circuit
board 5. The ground conductor track area 7 1s connected to
the metallic housing 9. This 1s for example achieved via at
least one ground potential area 8 in the housing 9, which,
with the housing 9 assembled, presses against the at least
one ground conductor track area 7 and thus produces the
ground connection to the housing 9. As a result, a ground
connection to the housing via an additional cable becomes
superfluous. Preferably, a securing cutout passes through the
at least one ground conductor track area 7 and/or the at least
one ground potential area 8. As a result, a good ground
connection can already be obtamned as a result of the
securing ol the printed circuit board 5 on the housing 9.
Preferably, the housing 9 has a first shell for covering the
first side of the printed circuit board 5 and a second shell for
covering the second side of the printed circuit board 5. The
two shells each have a securing cutout in the region of the
at least one ground conductor track area 7 and/or the at least
one ground potential area 8. As a result, the printed circuit
board 5 can be compressed by means of a screw connection
between the first shell and the second shell 1n the region of
the at least one ground conductor track area 7.

FIGS. 9 to 12 show a second exemplary embodiment of
a filter according to the invention. The filter comprises a
printed circuit board 15 with electrical components. Elec-
trical components of the filter comprise a first busbar 11, a
second busbar 12, at least one capacitor 13 and at least one
magnetic element 14. Unless explicitly described otherwise,
the description of the printed circuit board 5 and of the
clectrical components of the first exemplary embodiment
also applies to the printed circuit board 15 and the electrical
components of the second exemplary embodiment.

FI1G. 9 shows a circuit diagram for the second exemplary
embodiment. Here the filter 1s embodied as an active filter.
The active filter comprises a current transformer 23, an
amplifving circuit 24 and a capacitor 13. The active filter 1s
preferably an EMI or EMC filter. The filter 1s preferably
designed for a power range ol greater than 500 W and/or a
nominal current of greater than 50 A.

The current transformer 23 converts the AC noise currents
ol the first and second busbars 11 and 12 into a measurement
current 1n the auxiliary winding 27. For this purpose, the
magnetic element 14 couples the first and second busbars 11
and 12 to the auxiliary winding 27. Preferably, for this
purpose, the magnetic element 1s arranged in a ring-shaped
fashion around the first and second busbars 1 and 2 as
described 1n the first exemplary embodiment. Preferably, the
current transformer 23 forms a current-compensated com-
mon-mode current transformer. The auxiliary winding 27
can be configured as a conductor track on the printed circuit
board 15. However, it 1s also possible to realize the auxiliary
winding as wire connected to the printed circuit board 15 or
one of the electrical components of the printed circuit board
15.

The amplifying circuit 24 generates the compensation
current or the compensation voltage on the basis of the AC
currents measured 1n the current transformer.

The capacitor 13 1s designed to input the compensation
current or the compensation voltage into the first busbar 11
and the second busbar 12, 1n order thus to extinguish the AC
noise currents or voltages of the first busbar 11 and of the
second busbar 12 at least 1n the range of the bandwidth of the
active filter. As also described 1n the first exemplary embodi-
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ment, the two capacitors 13 are in each case mounted on the
printed circuit board 15 and connected to the first busbar 11
or the second busbar 12 by means of conductor tracks.

As 1n the first embodiment, 1n this case the first busbar 11
1s secured on the first side of the printed circuit board 15 and
the second busbar 12 1s secured on the second side of the
printed circuit board 15, such that the first and second
busbars 11 and 12 are electrically insulated from one another
by the msulating printed circuit board 15 and there 1s no risk
ol a short circuit.

The first busbar 11 and the second busbar 12 in each case
have a first end and a second end, wherein each end has a
connection terminal. In one embodiment, the cross section
of the busbars at right angles to the current direction 1is
rectangular. This 1s one possibility for achieving a flat
bearing area for the respective busbar 11 and 12 on the flat
printed circuit board 15. In one embodiment, the ends of the
busbars 11 and 12 with the connection terminals project
beyond the lateral sides of the printed circuit board 15, such
that the filter can be connected 1n a simple manner to cables
or plugs or other connections of an electrical network of a
vehicle. In one embodiment, the filter furthermore comprises
a housing (not 1illustrated 1n the figures), which encloses
(preferably all) electronic components of the filter, wherein
the four ends of the two busbars 11 and 12 with the four
connection terminals project from the housing.

In one exemplary embodiment, the busbars 11 and 12 are
secured on the printed circuit board 15 in each case by
securing means such as screws, threaded pins, clips, rivets,
printed circuit board 1nserts, soldering connections or other
securing means. The embodiments for securing and for
contacting the busbars 11 and 12 with the printed circuit
board 15 are as 1n the first exemplary embodiment.

In one exemplary embodiment, the busbars 11 and 12 are
formed such that the busbars 11 and 12 are at different
distances from one another in different regions. Preferably,
the distance between the first busbar 11 and the second
busbar 12 1s smaller in the region of the magnetic element
compared with the region of the ends of the busbars 11 and
12 that project beyond the printed circuit board 15. This 1s
advantageous 1n particular since the busbars 11 and 12 are no
longer insulated from one another by the printed circuit
board 15 1n this region and a larger safety distance 1s thus
required. Preferably, the distance between the busbars 11
and 12 1n the region of the magnetic element, in particular
in the opening of the toroidal core 14, 1s minimal. Preferably,
the busbars 11 and 12 are i1dentical, and can be arranged on
the printed circuit board 15 1n a manner rotated by 180°, in
order to obtain the different distances. In contrast to the first
exemplary embodiment, the different distance 1s realized by
a greater distance from the printed circuit board plane of the
printed circuit board 15, whereas in the first exemplary
embodiment the larger distance 1s achieved by a lateral
arrangement 1n the printed circuit board plane.

The first busbar 1 and the second busbar 2 are completely
overlapping 1n the region of the magnetic element (in the
ring opening thereol), whereas there 1s only a partial overlap
in the first exemplary embodiment. However, 1t 1s also
possible to realize a complete overlap 1n the first exemplary
embodiment and/or only a partial overlap 1n the second
exemplary embodiment.

With the filter according to the invention 1t 1s possible to
obtain a small and light filter of high quality whose design
and dimensions can be used for a large range of voltages,
currents and/or powers.
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The 1nvention claimed 1s:

1. A filter for electromagnetic noise comprising;:

a printed circuit board having conductor tracks, having a
first side and having a second side opposite the first
side,

a first busbar, which 1s secured on the first side of the
printed circuit board and 1s electrically connected to at
least one of the conductor tracks:

a second busbar, which 1s secured on the second side of
the printed circuit board and 1s electrically connected to
at least one of the conductor tracks:

at least one magnetic element arranged in a ring-shaped
fashion around the first and second busbars,

wherein at least 1n a region of the at least one magnetic
clement the printed circuit board 1s arranged between
the first busbar and the second busbar for the insulation
thereof,

wherein the at least one magnetic element together with
the first and second busbars forms a current-compen-
sated 1nductor.

2. The filter as claimed in claim 1, wherein the first and
second busbars are mechanically secured on the printed
circuit board 1n each case by securing means leading through
the printed circuit board, wherein the securing means form
a conductive connection between the corresponding conduc-
tor track of the printed circuit board and the busbar.

3. The filter as claimed in claim 1, wherein a distance
between the first busbar and the second busbar 1s greater in
a region ol a securing means than 1n the region of the at least
one magnetic element.

4. The filter as claimed 1n claim 1, wherein the at least one
magnetic element 1s formed as a magnetic toroidal core that
1s plugged onto a projection of the printed circuit board,
wherein the first and second busbars on the opposite first and
second sides of the printed circuit board are led through ring
opening ol the magnetic toroidal core.

5. The filter as claimed 1n claim 1, wherein the at least one
magnetic element comprises two magnetic elements.

6. The filter as claimed 1n claim 1, wherein the at least one
magnetic element together with the first and second busbars
forms a current transformer in order to convert noise cur-
rents 1n the first and second busbars into a measurement
current 1 an auxiliary winding.

7. The filter as claimed 1n claim 1, comprising at least one
capacitor, which 1s or are connected to the first and/or second
busbar via the conductor tracks.

8. The filter as claimed 1n claim 7, wherein the at least one
capacitor comprises a current capacitor connected between
the first and second busbars.

9. The filter as claimed 1n claim 7, wherein the at least one
capacitor comprises a first ground capacitor, which 1s con-
nected between the first busbar and ground, and a second
ground capacitor, which 1s connected between the second
busbar and ground.

10. The filter as claimed 1n claim 7, wherein the at least
one capacitor comprises a first coupling capacitor, in order
to 1nput a compensation current generated based on a
measurement current into the first busbar, and a second
coupling capacitor, 1 order to mput the compensation
current mto the second busbar.

11. The filter as claimed 1n claim 1, wherein the first
busbar has a first end having a first connection terminal and
a second end having a second connection terminal, wherein
the first end and the second end of the first busbar project
beyond the printed circuit board, wherein the second busbars
has a first end having a first connection terminal and a
second end having a second connection terminal, wherein
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the first end and the second end of the second busbar project
beyond the printed circuit board.

12. The filter as claimed 1n claim 11, wherein a distance
between the first busbar and the second busbar 1s greater in
a region of the first and/or second ends than 1n the region of
the at least one magnetic element.

13. The filter as claimed in claim 11, wherein the first
busbar and the second busbar are insulated from one another
by the printed circuit board continuously except in the
region of the first and second ends of the first and second
busbars projecting beyond the printed circuit board.

14. A filter for electromagnetic noise comprising:

a printed circuit board having conductor tracks, having a
first side and having a second side opposite the first
s1de,

a first busbar, which 1s secured on the first side of the
printed circuit board and 1s electrically connected to at
least one of the conductor tracks:

a second busbar, which 1s secured on the second side of
the printed circuit board and 1s electrically connected to
at least one of the conductor tracks:

wherein the printed circuit board 1s arranged between the
first busbar and the second busbar for the insulation
thereol, wherein the filter comprises a metallic housing,
wherein the housing has at least one ground potential
area, wherein the printed circuit board has at least one
ground conductor track area, wherein each of the at
least one ground potential area of the housing 1s pressed
onto a corresponding ground conductor track area by
securing means and a ground connection from the
printed circuit board to the housing 1s thus produced.

15. A filter for electromagnetic noise comprising;

a printed circuit board having conductor tracks, having a
first side and having a second side opposite the first
side,

a first busbar, which 1s secured on the first side of the
printed circuit board and 1s electrically connected to at
least one of the conductor tracks:

a second busbar, which 1s secured on the second side of
the printed circuit board and 1s electrically connected to
at least one of the conductor tracks:

wherein the printed circuit board 1s arranged between the
first busbar and the second busbar for the insulation
thereof,

wherein the filter 1s designed for a power range of greater
than 500 watts and/or for a current range of greater than
S50 A.

16. A filter for electromagnetic noise comprising:

a printed circuit board having conductor tracks, having a
first side and having a second side opposite the first
side,

a first busbar, which 1s secured on the first side of the
printed circuit board and 1s electrically connected to at
least one of the conductor tracks:

a second busbar, which 1s secured on the second side of
the printed circuit board and 1s electrically connected to
at least one of the conductor tracks:

wherein the printed circuit board 1s arranged between the
first busbar and the second busbar for the insulation
thereof, wherein the filter 1s an active filter.

17. A vehicle comprising an electrical DC voltage net-
work and a filter for electromagnetic noise connected to the
clectrical DC voltage network, the filter comprising:

a printed circuit board having conductor racks, having a

first side and having a second side opposite the first
side,
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a first busbar, which 1s secured on the first side of the
printed circuit board and 1s electrically connected to at
least one of the conductor tracks:

a second busbar; which 1s secured on the second side of

the printed circuit board and 1s electrically connected to 5
at least one of the conductor tracks;

wherein the printed circuit board 1s arranged between the

first busbar and the second busbar for the insulation
thereof.

18. The wvehicle as claimed in claim 17, wherein the 10
vehicle 1s driven for locomotion by an electric motor.

¥ ¥ # ¥ o
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